Abstract. Characterization of daytime sources of nitrous acid (HONO) is crucial to understand atmospheric
In early studies, atmospheric HONO was assumed to be in at photostationary state during daytime controlled by the 11 gas phase reaction of NO and OH (R1) and two loss reactions which are the photolysis (R2) and the reaction with 12 OH (R3). 
13

16
However, field measurements in remote and rural locations, as well as urban and polluted regions found several 17 times higher daytime HONO concentrations than model predictions, suggesting a large unknown source (Kleffmann 18 et al., 2003 and 2005; Su et al., 2008a; Soergel et al., 2011a; Su et al., 2011; Michoud et al., 2014; Czader et al., 19 2012; Wong et al., 2013; Tang et al., 2015; Oswald et al., 2015) even after considering direct emission of HONO
20
from combustion sources (Kessler and Platt, 1984; Kurtenbach et al., 2001) . Heterogeneous reactions on aerosols
21
have been proposed as an explanation for the missing source. The hydrolysis (R4, Finlayson-Pitts et al., 2003) and redox reactions of NO 2 have been intensively investigated on different kinds of surfaces such as fresh soot, aged or 23 organic-coated particles (Ammann et al., 1998; Arens et al., 2001; Aubin et al., 2007; Bröske et al., 2003; Han et al., 24 2013; Kalberer et al., 1999; Kleffmann et al., 1999; Kleffmann and Wiesen, 2005; Lelievre et al., 2004 26 Liu et al., 2015; Wang et al., 2003; Yabushita et al., 2009) . Different kind of surfaces (humic acid and other organic 27 compounds, titanium dioxide, soot) can be photochemically activated which leads to enhanced NO 2 uptake and
28
HONO production (R5, George et al., 2005; Langridge et al., 2009; Monge et al., 2010; Ndour et al., 2008; Ramazan 29 et al., 2004; Stemmler et al., 2007; Kebede et al., 2013) . The photolysis of particulate nitric acid (HNO 3 ), nitrate
30
(NO 3 -) and nitro-phenols (R-NO 2 ) lead to HONO formation as well (Baergen and Donaldson, 2013; Bejan et al., 31 2006; Ramazan et al., 2004; Scharko et al., 2014; Zhou et al., 2003; Zhou et al., 2011) . But these reactions cannot 32 account for the HONO levels observed during daytime (Elshorbany et al., 2012) . 
28
LOPAP, Quma, Wuppertal, Germany). LOPAP has a collecting efficiency of >99% for HONO and a detection limit
29
of 4 pptv at a time resolution of 30s. To avoid potential interferences induced by long inlet lines and heterogeneous
30
formation or loss of HONO on the inlet walls, respectively (Kleffmann et al., 1998; Zhou et al., 2002b; Su et al., 31 2008b) , HONO was collected by a sampling unit installed directly in the outdoor atmosphere, i.e., placed on a mast 32 at a height of 5.8 meters above ground installed at the edge of a laboratory container. Furthermore, the LOPAP has 33 two stripping coils placed in series to reduce known interfering signals (Heland et al., 2001 ). In the first stripping coil
34
HONO is quantitatively collected. Due to the acidic stripping solution interfering species are collected less 35 efficiently but in both channels. The true concentration of HONO is obtained by subtracting the inferences quantified interferences ascertained excellent agreement with the (absolute) DOAS measurements, both in a smog chamber and 3 under urban atmospheric conditions (Kleffmann et al., 2006) . A possible interference from peroxynitric acid (HNO 4 ) 4 has been proposed (Liao et al., 2006; Kerbrat et al., 2012; Legrand et al., 2014) , but this will be insignificant at the 5 high temperatures during CYPHEX, at which HNO 4 is unstable. The stripping coils are temperature controlled by a 6 water-based thermostat and the whole external sampling unit is shielded from sunlight by a small plastic housing.
7
The reagents were all high purity grade chemicals, i.e., hydrochloric acid (37%, for analysis; Merck), sulfanilamide
8
(for analysis, >99%; AppliChem) and N-(1-naphthyl)-ethylenediamine dihydrochloride (for analysis, >98%; 
20
Environmental Instruments Inc.) with a detection limit of 1 ppb. Data are reported for an integration period of 60 s.
21
The total uncertainties (2σ) for the measurements of NO, NO 2 and O 3 were determined to be 20%, 30% and 5%, respectively, based on the reproducibility of in-field background measurements, calibrations, the uncertainties of the 23 standards and the conversion efficiency of the photolytic converter (Li et al., 2015) .
24
OH and HO 2 radicals were measured using the HydrOxyl Radical measurement Unit based on fluorescence 
35
Photolysis frequencies were determined using a spectroradiometer (Metcon GmbH) with a single monochromator
36
and 512 pixel CCD-array as detector (275-640 nm). The thermostatted monochromator/detector unit was attached via 37 a 10 m optical fiber to a 2-Π integrating hemispheric quartz dome. The spectroradiometer was calibrated prior to the campaign using a 1000 W NIST traceable irradiance standard. J-values were calculated using molecular parameters 1 recommended by the IUPAC and NASA evaluation panels (Sander et al., 2011; IUPAC, 2015 
4
Aerosol measurements were also performed during the campaign. In this study particulate nitrate and aerosol surface 5 data were used. These were detected by high resolution -time of flight -aerosol mass spectrometer (HR-ToF-AMS,
6
Aerodyne Research Inc., Billerica, MA USA) and scanning mobility particle sizer (SMPS 3936, TSI, Shoreview,
7
MN USA) and aerodynamic particle sizer (APS 3321, TSI), respectively. The mobility and aerodynamic based size 8 distributions were combined based on the algorithm proposed by Khlystov et al. (2004) .
9
The volatile organic compounds (VOC) including α-pinene, β-pinene, isoprene, Δ3-carene, limonene and DMS
10
(dimethyl sulfide) were detected by a commercial Gas Chromatography-Mass Spectrometry (GC-MS) system (MSD 
14
Most of the time the advected air mass was loaded with high humidity as a result of sea breeze circulation. Two
15
periods of about 4 days with lower relative humidity occurred. These two situations will be contrasted below.
16
Results
17
The concentrations of HONO and other atmospheric trace gases as well as meteorological conditions observed on
18
Cyprus from 7 th July 2014 to 3 rd August 2014 are shown in fig. 3 . In general, low trace gas mixing ratios were indicative of clean marine atmospheric boundary conditions, as pollutants are oxidized by OH during the relatively 20 long air transport time over the Mediterranean sea (more than 30 h), and without significant impact of direct 21 anthropogenic emissions.
Ambient HONO mixing ratios ranged from below detection limit (< 4 pptv) to above 300 pptv. Daily average HONO
23
was 35 pptv (± 25 pptv; 1σ standard deviation, following alike). The daily average NO 2 and NO mixing ratios were 24 140 ± 115 and 20 ± 35 pptv respectively, but showed intermittent peaks up to 50 ppbv when sampling air was 25 streamed from the diesel generator used to power the station, from the access route or the parking lot by local winds
26
(easterly, fig S2) . These incidents, which account for 4% of the campaign time, were classified as local air pollution 27 events and were omitted from analysis. Mean O 3 and CO mixing ratios were 72 ± 12 ppb and 98 ± 11 ppbv 28 respectively. OH radicals ranged from below detection limit (1x10 5 molecules cm -3 ) during nighttime to 8x10 
12
Mean NO mixing ratios were close to the detection limit (5 pptv) during night and increased after sunrise (06:00 
18
NO 2 mixing ratios were somewhat lower during nighttime, but in general the diel variability remained in a narrow
19
range between 100 and 200 pptv. Likewise, the diel courses of O 3 and CO mixing ratios revealed relatively low 20 day/night variability in a range of 65-75 and 90-100 ppb, respectively.
21
Discussion
22
Low NO x conditions at this remote field site in photochemically aged marine air were found to be an ideal 23 prerequisite to trace yet un-defined local HONO sources. On Cyprus, diel profiles of HONO showed peak values in 24 the late morning and persistently high mixing ratios during daytime, as has been reported for some other remote 25 regions (Acker et al., 2006a; Zhou et al., 2007; Huang et al., 2002) . This is not the case for rural and urban sites,
26
where atmospheric HONO mixing ratios are normally observed to continuously build up during nighttime 27 presumably due to heterogeneous reactions involving NO x and decline in the morning due to strong 28 photodissociation (e.g., Elshorbany et al., 2012 and references therein).
29
The 
30
Cyprus the strong morning HONO peaks after dry nights were accompanied by an increase in relative humidity from 31 40 to 80%. Deposited and accumulated NO 2 on dry soil surfaces could be released as HONO at high rates under 32 elevated RH conditions. In contrast, in a humid regime HONO mixing ratios were continuously high during nighttime and showed less pronounced morning peaks, suggesting lower nighttime deposition of NO 2 and lower As morning HONO peak mixing ratios were most pronounced after dry nights on Cyprus, our observations are to 1 some extent contradictory to earlier results that have proposed that dew formation on the ground surface may be 2 responsible for HONO nighttime accumulation in the aqueous phase, followed by release from this reservoir after 3 dew evaporation the next morning (Zhou et al., 2002a , Rubio et al., 2002 , He et al., 2006 
15
Nevertheless, at the study site of Cyprus, the mean upwind distance between the measurement site and the coast line
16
was about 6 km, and the mean wind velocity was about 3 m s -1 . Accordingly, the respective air mass travel time over
17
land is estimated to be about half an hour, which is somewhat longer than the daytime lifetime of HONO and might
18
provide enough time for the equilibrium processes. Furthermore and in a strong contrast to Lee et al. (2013) soil, with a strong dependency on soil water content (Su et al., 2011; Oswald et al., 2013; Mamtimin et al., 2016) .
13
The (dry state) soil humidification threshold level for NO emission is reported to be somewhat higher than for 14 HONO (Oswald et al., 2013) , which might explain why a net NO source was preferentially calculated for higher 15 relative humidity conditions, while for HONO a daytime source under all humidity regimes prevailing during the 
24
Even though we cannot make firm conclusions regarding the exact mechanism of HONO formation, the above 25 mentioned correlation analysis (and for a variety of trace gases were shown to be significantly higher for dry surfaces, among them NO 2 (Wang et al., 32 2012 , Liu et al., 2015 , HONO (Donaldson et al. 2014a) and HCHO (Li et al., 2016) . The strongest HONO morning peaks observed after dry nights were accompanied by an increase in relative humidity driven by the sea breeze (fig. 
primary OH production
12
carene and limonene (VOC) were taken into account as the most relevant alkenes.
13
The results of this study are shown in fig. 9 . All three production routes show a clear diel profile with higher 14 production rates during daytime. . In the morning (6-8 am) and evening hours (7-8 pm) the contribution of HONO photolysis to the primary
19
OH production is in average 37% (see fig. 9b ) with peak values of 65%, which is much higher than the contribution 
26
Daytime concentrations were much higher than during the night and about 30 times higher than would be expected 27 by budget analysis based on photostationary state. The unknown source was calculated to be about 1. Gaggeler, H. W., and Baltensperger, U.: Heterogeneous production of nitrous acid on soot in polluted air masses,
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